Cleaning and disinfection are key operations in the food industry for safety reasons but produce a significant environmental impact in terms of water use and wastewaters as stated in the Reference Document on Best Available Techniques in the Food, Drink and Milk industries. Care areas rely on a range of chemicals such as chlorine, quaternary ammonium compounds, etc. Health and environmental concerns are supporting the need for alternative sanitation technologies. The data shown here is part of a LIFE project that aims to reduce the environmental impact of cleaning operations through the use of ozone, as it is a very strong oxidant and a wide spectrum antimicrobial agent with potential environmental benefits over other sanitizers. An analysis of the different factors involved in an ozone based CIP system is considered, comments in relation to Best Available Technologies concerning cleaning and disinfection are presented, environmental data related to in-process operations obtained in the collaborating industries of the winery and dairy sectors is shown and a pilot plant designed to perform comparative demonstration trials is described. The expected results of ongoing tasks are environmental indicators on water and energy consumption, wastewater quality and the cleaning and disinfection efficiency of ozone based cleaning versus conventional cleaning.
Introduction
The need to keep high hygienic standards is a main concern in the food industry. Most care areas rely on a range of chemicals to maintain an acceptable hygiene regime such as chlorine, quaternary ammonium compounds and others. However, this leads to significant environmental considerations as frequent cleaning is required and water is used intensively along with chemicals. Some of the most important cleaning tasks are those related to the washing of process vessels, storage tanks and pipes where cleaning in place systems (CIPs) are of common use. CIPs are characterized by automatic cleaning programs based on a succession of several solutions of water, cleaning chemicals and disinfection agents that are discharged into sewer systems together with large amounts of water necessary to rinse out residual chemicals. Also, cleaning wastewaters contain organic material from product remnants and removed deposit soil. When chlorine based compounds combine with organic residues the results could potentially be extremely harmful to people. So health and environmental concerns with chemical use on food products or food contact facilities are supporting the need for alternative sanitation technologies. In this sense, the potential utility of ozone lies in the fact that ozone is a stronger oxidant than chlorine and it has been shown to be effective over a wider spectrum of micro organisms. But, unlike other disinfectants, it leaves no chemical residuals and degrades to molecular oxygen upon reaction or natural degradation. The most researched and developed food industry applications of ozone are those in which the ozone is applied directly to the food to disinfect it. A large number of studies have demonstrated its efficiency in all types of products and in a wide range of operations (raw materials, cleaning and disinfection, product cooling water treatment and food conservation and storage, among others) [1] . Different studies reported show that cleaning using ozone as disinfecting agent is efficient [2] [3] [4] [5] and might improve the environmental performance of cleaning operations in terms of reduction of the amount of water needed for cleaning of vessels and surfaces compared with conventional systems [6] [7] [8] [9] . Overall chemical costs are reduced, sewage disposal costs are reduced and overall system deterioration is reduced when using ozone-enriched water rather than hot water or traditional anti-microbial chemicals [10] . Regarding environmental data related to cleaning operations the Reference Document on Best Available Techniques in the Food, Drink and Milk Industries (FDM BREF) [11] admits that strong information imbalances and gaps exist. In general, at the BREF, the current consumption and emission level data provided were not linked with process descriptions, operating conditions, installation capacity, and sampling and analytical methods. Most of the work already reported on the use of ozone for sanitizing purposes focus on its disinfecting capacity but scarce data on its environmental benefits has been obtained. The reduced environmental impact is a significant factor that may favour the future development of ozone in all countries, especially in Europe. Thus, Directive 96/61/EC concerning Integrated Pollution Prevention and Control (IPPC) could indirectly encourage ozone use in EU countries, if ozone based cleaning and disinfection was considered a BAT.
Methods
The project aims to demonstrate the environmental benefits of ozone water for cleaning and disinfection of closed equipment compared to other conventional agents. The work focuses on winery, dairy and brewery sectors as representative of industries where large amounts of water is consumed and discharged as a consequence of cleaning and disinfection of closed equipment. The methodology consists on the following tasks:
• Preliminary actions: in order to get the necessary multidisciplinary background different specific studies and state of the art reviews were produced on Best Available Technologies (BATs) Documents, cleaning in place (CIP) technology and Ozonation Technology. At the same time, field work was performed in collaborating companies in order to obtain a better knowledge of current practices at industrial scale and get environmental impact data of in-process operations by sampling and characterisation of cleaning wastewaters.
• Ozone CIP prototype design and construction. Considering all the important input data from the former action, a pilot plant was designed and constructed that allows for the simulation of conventional CIP protocols and running ozone based protocols, so comparative indicators of the environmental impact may be obtained.
• Demonstration activities: consisting on the design and execution of the comparative trials.
• Evaluation of results: in terms of water, energy and chemical consumption, wastewater generation, and hygienic efficiency.
Results and discussion

Environmental diagnosis of current cleaning operations of tanks in cellars and dairies
In general, at the FDM-BREF, the current consumption and emission level data provided were not linked with process descriptions, operating conditions, installation capacity, sampling and analytical methods and statistical presentations. Different amount of process and environmental information is already available for brewery, winery and dairy sub-sectors. Through the visits to facilities and interviews with technicians of the three sub-sectors we have observed that the winery sub-sector is formed by a bigger number of small sized companies than the dairy sector, and that the brewery sector is formed just by big-sized companies. The dramatic lack of existing data in the winery sector, and the relatively homogeneity in the operations carried out at any brewery led us to focus efforts on getting environmental in-process information at industrial level in wineries and dairies. Brewery sector data may be consulted at the FDM BREF and at the Guía de Mejores Técnicas disponibles en España del Sector Cervecero (2005), so no further comments will be brought here on this sector.
Environmental data related to cleaning and disinfection of tanks in wine cellars
The BREF states that almost all the water consumed in a winery is used for cleaning purposes; nevertheless, no reference data on consumption is given in relation to production capacity neither data on particular consumption for cleaning purposes. Table 1 shows data collected by ainia in relation to overall consumption of water in relation to production capacity. Assuming that almost all water consumed is used for cleaning operations, wastewater ratios would be similar. Table 1 :
Water consumption in wineries.
Wine elaborator (m3 water consumed/m3 wine produced) 0.09-0.37
Wine bottler (m3 water consumed/m3 wine bottled) 0.35-1.23 Table 2 : Wine parameters. The highest concentrated wastewater is produced during fermentation, fining and ageing/racking due to the washing out of the sediments. If solids are not separated, the waste water is highly contaminated. Even after the recovery process, the wastewater shows an acidic character except when caustic solutions are used in the elimination of tartrates or during the conditioning of bottles. We have analysed samples of wine in order to know the level of organic load transferred to the cleaning waste waters as a consequence of product remnants in (table 2) . Also, a range values for global wastewaters of wine elaborators and wine bottlers have been obtained ( remnants), cleaning after alkali wash and some more complex protocols. These results will show an idea of the impact produced by particular cleaning operations as manual operation is common practice and the amount of water employed in rinsing is very dependant on the operator doing the job.
Environmental data linked to the cleaning and disinfection of close equipment in the dairy sector
Water consumption in dairies is mainly associated with cleaning operations. The following table shows some general ratios on water consumption in dairy industries: The FDM BREF states that waste water is the main environmental issue in the dairy sector. The largest proportion of waste water is cleaning water. This has been observed in the visited industries where water consumed is used in a percentage higher than 80% for these purposes. Loss of products by spillage is of great importance because of the extreme organic load transferred to the wastewaters as can be seen in table 7. Table 8 Table 7 : Untreated dairy wastewaters. 
Integration of ozone technologies and CIP technologies: factors to consider
The objective of cleaning and sanitizing food contact surfaces is to remove food soils and films which bacteria need to grow, and to kill those bacteria which are present. CIP is used to clean interior surfaces of tanks and pipelines. The majority of cleaning and sterilizing liquids used in CIP systems are alkali or acid based and the system will allow accurate dosing of the concentrated cleaning agent to give a low strength solution suitable for cleaning process plant. A cleaning program can be composed of some of the following steps: potential applicability of ozone is based on the fact that ozone is stronger oxidant than chlorine and has been shown to be effective over a much wider spectrum of micro organisms. Ozone is quite unstable and quickly breaks back down into oxygen. Thus, ozone will not leave a residual after a short time of use nor will increase the salinity of the waters. The decomposition of ozone may suffer several reactions in which free radicals area produced. So in the context of cleaning it may lead to an oxidation of organic matter in cleaning waters thus reducing COD and BOD 5 in wastewaters. In order to generate commercial levels of ozone, the corona discharge method is usually used. In addition to the ozone generator further auxiliary equipment is needed: a gas feed preparation system (dry air or oxygen); an injector, a contact tank, off gas destructor and control and measurement equipment. In the design of an ozone based cleaning and disinfection system, it will have to be analyzed the quantity of ozone necessary to guarantee disinfection of the surfaces to be cleaned and the way to apply it, hence the equipment needed to generate and inject the ozone and its costs along with particular hazards prevention measures. Figure 1 shows at a glance the main issues involved in a cleaning in place system including ozonation. The control of CIP systems can vary from simple manual operation to fully integrated PLC. The control of in-place cleaning is a two part operation. The first involves managing the process itself to ensure that every part of the cleaning cycle is performed optimally, it consists of monitoring such things as time, temperature, detergent concentration, flow rates etc. The second part involves assessing whether the procedures have been effective and this is where microbiological controls are often used. Since the purpose of testing samples from CIP systems is to confirm that cleaning has been satisfactory, it is usually sufficient to assay for total contaminants; the presence of any microorganisms, indicates a failure of the cleaning system. 
Cleaning procedure
Design and construction of the ozone cleaning in place pilot plant
The design and construction of a flexible pilot plant has been one of the key tasks of the project. The plant allows for the simulation of any kind of cleaning and disinfection protocol employed within food processing industries. Such protocols will be different, as far as the number of steps, products employed and duration of cleaning cycles is concerned, depending on the kind of food product to be. Further to a complete capability of performing any conventional cleaning cycle, the prototype is able to perform cycles that involve the use of ozonated water instead of any of the "conventional" cleaning step. The supply of such element is also controlled by the prototype PLC. Thus, there are three linked subsystem working at the same time: (1)Conventional CIP simulation subsystem; (2) Ozonation sub-system (3) Target sub-system. 
Ongoing work and expected results
Current work focuses on obtaining comparative indicators of the environmental performance of conventional cleaning and disinfection protocols in front of ozone based protocols. The basics of such are described in table 9 . Operational conditions such as timing, temperature of solutions and chemical concentration will depend on actual the product under study according to industrial partners' instructions. The expected environmental improvements with similar disinfection and cleanliness efficiency are shown in table 10.
Conclusions and discussion
Environmental data particular sanitation steps has been collected and confirms that the impact of such operations is significant as the BREF considered qualitatively. Current practices in each particular company play an important role on the level of pollution discharged. The following conclusions may be considered:
• Around 80% of the water consumed in the target sectors is used for cleaning purposes (higher values for wineries).
• Manual operation of CIP is common practice. Great savings in water consumption might be achieved with automation. Installation of measuring devices and keeping registers of consumption values would lead to optimise the use of water and chemicals.
• Last rinse and disinfection solutions are often discharged..
• Values for different cleaning operations have been obtained. Such data only gives a reference idea of the strength of such wastewaters as manually operated CIPs will make the results variable. Peaks in pH (pH =12 and pH = 3) and in conductivity are typical along with high organic load.
• Segregation of first rinse waters polluted with product remnants is key to drastically reduce the strength of wastewaters. Care must be taken with disinfection steps as toxic wastewater may be discharged. Overdosing cleaning and/or disinfecting products is a waste of valuable chemicals and makes it necessary higher quantity of final rinse water to completely eliminate foam and chemical remnants.
• There is not a pattern for the applied amount of water per unit of tank volume, nor for the time the cleaning solutions are kept circulating. The revisions made on CIP techniques and ozone technologies show that an integration of the technologies would be easy and feasible, adopting safety measures to prevent any hazards arisen by the use of ozone and considering material compatibility of installations with ozone, what is not a serious problem as the considered facilities are made of stainless steel 316. The expected results of ongoing work seeks to obtain indicators that show the differences between conventional and ozone based CIP operations in terms of water and energy consumption, pollution of wastewaters and evaluation of cleaning and disinfection efficiency. So finally, the potential reduction of the environmental impact of sanitation is demonstrated. The expected benefits are: reduction in www.witpress.com, ISSN 1743-3541 (on-line) water consumption. (No final rinse needed.), improvement of the cleaning wastewater quality in terms of COD (mg/l) and Chlorides (mg/l) and Prevention of unhealthy chlorine derivatives (THMs, chloramines…) in cleaning wastewaters, energy savings compared to hot solution consuming operations. The statements in the BREF about CIPs are shown in table 11 in which it is discussed why the "Ozone CIP" technique could be considered more advanced. 
5.1.3.10 "operate a cleaning-in-place (CIP) of closed equipment and ensure that it is used in an optimal way" (2) 5.1.3.14. "avoid the use of halogenated oxidising biocides, except when the alternatives are not effective"
ozone does not leave any residue as it breaks down into oxygen and allows significant water saving as no final rinse is needed and allows to re-use disinfected rinse water for initial cleaning improves final wastewater quality (lower chloride content, it does not generate unhealthy organic-halogen compounds) reduce the risk of accidental discharges in the preparation of disinfection solutions as it is generated on site as needed, eliminating the need for chemical storage (1) There are not a explicit mention in section 4.3.8.1 refereed in this BAT to ozone. However, there is a reference to section 4.5.4.8.1 where ozone is considered as an oxidising biocide that "dissipates rapidly after generation, so no chemical residual persist in the treated waste water but its dissolved oxygen content is high. No halogenated compounds are produced. Ozone is also used as an oxidising agent"; (2) So CIP technique is considered as a BAT; (3) This BAT again refers sections 4.3.8.1 and 4.5.4.8.1 previously described.
